Post-traumatic stress disorder (PTSD) is associated with elevated catecholamines and increased sympathetic arousal. However, it is unknown whether this condition is a pre-existing vulnerability factor for PTSD or an acquired result of either trauma exposure or the development of PTSD symptoms. We sought to examine if salivary 3-methoxy-4-hydroxy-phenylglycol (MHPG) in response to a laboratory stressor prior to critical incident exposure predicts the development of PTSD symptoms and if early childhood trauma influences this relationship. In a prospective cohort study, 349 urban police officers were assessed during academy training (baseline) and 243 were reassessed 12 months after the start of active duty (follow-up). At baseline, participants observed a video consisting of police critical incidents. Salivary MHPG was measured before and immediately after the challenge, and after 20 min recovery. At follow-up, peritraumatic distress and PTSD symptoms were assessed in relationship to the worst critical incident during the past year. Participants with childhood trauma showed a trend towards higher MHPG increase to the challenge. Higher MHPG levels after 20 min recovery were associated with both higher levels of peritraumatic distress and PTSD symptoms at follow-up. In a path analysis, elevated MHPG levels predicted higher peritraumatic distress which in turn predicted higher levels of PTSD symptoms while the direct effect of elevated MHPG levels on PTSD symptoms was no longer significant. Prolonged elevation of salivary MHPG in response to a laboratory stressor marks a predisposition to experience higher levels of peritraumatic distress and subsequently more PTSD symptoms following critical incident exposure.
Introduction
Our understanding of the biology of PTSD has major limitations because of a lack of data about characteristics of trauma survivors before they were exposed to a traumatic event. Such studies are difficult to conduct for several reasons. First, a naturalistic prospective study would require studying very large groups of people for long periods of time because of the difficulty in predicting who will be exposed to a traumatic incident in the future. Second, exposing people to trauma as an experiment is unethical. Third, the approach of collecting biological data immediately after exposure does not provide an understanding of the pre-existing biological baseline. One promising approach is to study special populations who are healthy at the time of study enrollment but have a high likelihood of being exposed to traumatic incidents in the near future such as first responders to critical incidents. We are currently conducting a prospective longitudinal cohort study of police academy recruits to examine if baseline characteristics assessed during training predict the subsequent development of post-traumatic stress symptoms following exposure to traumatic stress during active police duty (Marmar et al., 2006) .
A meta-analysis found subjectively perceived peritraumatic distress to be a strong predictor of PTSD (Ozer et al., 2003) . It has been hypothesized that the magnitude of peritraumatic distress depends on autonomic arousal at the time of trauma . Greater arousal responses may result from pre-existing vulnerabilities to anxious arousal under threat, higher levels of exposure during the critical incident, or both (Yehuda and LeDoux, 2007) .
There is also some evidence from prospective studies that higher autonomic arousal and larger catecholamine response to the traumatic event assessed in the emergency room predict the development of PTSD: Several studies (Bryant et al., 2008 (Bryant et al., , 2000 Kuhn et al., 2006; Zatzick et al., 2005) e though not all (Ehring et al., 2008; Shalev et al., 1998) e linked increased heart rate as an indicator of sympathetic arousal in the emergency room with the development of PTSD. Urinary epinephrine predicted the development of acute PTSD symptoms in a study of children (Delahanty et al., 2005) but not in adults (Delahanty et al., 2000) . Another study measuring both plasma and urinary norepinephrine could not predict the development of PTSD (Videlock et al., 2008) . However, it is well known that the role of norepinephrine in the stress response is quite complex and that different stressors activate the multiple stress response systems of the body in specific ways (Cryer, 1980; Goldstein and Kopin, 2007; Pacak and Palkovits, 2001; Pacak et al., 1998; Robertson et al., 1979; Young et al., 1984) .
We choose salivary MHPG as a measure of the stress response, as saliva is easy to collect without causing additional stress such as blood drawing. MHPG is a major metabolite of norepinephrine, which functions as a neurotransmitter in the central and sympathetic nervous system and as a stress hormone in the periphery. Salivary MHPG correlates with plasma MHPG, which increases in response to acute stressors, e.g. physical exercise or mental stress and is unaffected by beta-blockade, suggesting that it is a measure of central noradrenergic activity (Drici et al., 1991; Hamer et al., 2007) . Salivary MHPG also correlates strongly with MHPG in cerebrospinal fluid, a second reason to see it as a good measure of the central noradrenergic metabolism (Reuster et al., 2002) .
In a previous analysis of a subsample of 76 subjects drawn from the current sample we had found that participants with childhood trauma responded with a larger MHPG increase compared to participants without childhood trauma (Otte et al., 2005) .
The aim of the current study is to determine the predictive value of the salivary MHPG response to a laboratory challenge paradigm prior to critical incident exposure as a potential biological marker of peritraumatic reactions and subsequent development of PTSD symptoms and the influence of childhood trauma on this relationship. We hypothesized that childhood trauma will be associated with greater salivary MHPG response to the video challenge, that this response to the challenge will predict increased peritraumatic distress following critical incidents during police service, and this in turn will predict the development of higher levels of PTSD symptoms.
Methods
This study is part of a prospective longitudinal cohort study of risk and resilience factors for PTSD in police officers. Police recruits were assessed at baseline prior to any professional critical incident exposure and are followed annually over seven years. This design allows differentiating risk factors assessed before trauma exposure and trauma induced changes. A variety of biological, psychological and social factors are studied, with earlier findings from this study already published Maguen et al., 2009; McCaslin et al., 2009; Otte et al., 2005; Pole et al., 2009 ).
Participants
Participants were recruited from four urban police departments (New York Police Department (NYPD), Oakland (OPD), San Francisco (SFPD) and San Jose (SJPD)) during academy training. Academy trainees were introduced to the study by study personnel during academy classes and provided contact information to reach the study team. Exclusion criteria were previous employment in law enforcement, other emergency services or the military.
For this evaluation we had video challenge data collected during academy training from 349 participants and follow-up data after 12 months of active police duty from 243 participants. The study was approved by the University of California San Francisco Committee on Human Research and the Clinical Research Review Committee of the San Francisco VA Medical Center. Participants gave written informed consent to participate after receiving a complete description of the study.
Procedures and measures

Baseline assessments
Baseline assessments were conducted during police academy training in which participants completed a clinical interview and a battery of self-report questionnaires. The interview included the Clinician Administered PTSD Scale (CAPS), the Structured Clinical Interview for DSM disorders (SCID) and the Life Stressor Checklist (LSC). Then participants underwent startle testing and video challenge as described earlier (Otte et al., 2005; Pole et al., 2009 Pole et al., , 2007 . They also were assessed for use of prescription and over the counter medication, and no food, drink or smoking was allowed 2 h prior to the video challenge test.
2.2.1.1. Life stressor checklist-R (LSC-R). The Life stressor checklist assesses 21 stressful life events and determines at which age they happened and if the individual experienced intense emotions (Wolfe et al., 1997) . We used a dichotomous score and considered participants as having experienced a childhood trauma, if they reported a life event with serious threat to life or physical harm to the self during which they experienced intensive fear before the age of 14. This variable was chosen to be consistent with our previous analysis (Otte et al., 2005) .
2.2.1.2. Baseline video challenge task. Participants observed consecutively a neutral travelogue video for 10 min, a critical incidents video for 20 min, and then another travelogue video for 20 min which constituted the recovery period. The critical incidents video contained real-life footage of 14 incidents depicting policerelated scenes such as a suicide, a homicide, an officer being hit by a car, an autopsy, and an officer being killed by a detonated bomb. These scenes were edited into one continuous 20 min tape. After the video, participants were asked to rate the subjective distress they had experienced while watching this video on an analogue scale from 0 to 10. They were also asked to select the single video vignette among the 14 incidents that was most stressful to observe and to rate their distress level during this vignette on the same scale.
2.2.1.3. MHPG assessment. The saliva collections for MHPG followed the methods described by Yang et al. (1997) and Goenjian et al. (1996) . Saliva was collected in Salivette nylon swabs at each of three time points: Time 1 e immediately prior to the critical incidents video, Time 2 e immediately following the 20 min critical incidents video, and Time 3 e after 20 min of recovery. Immediately after the collection, the swabs were placed in the Salivette tubes and stored at 4 C until centrifugation. The tubes were centrifuged at 1000g for 2 min and the filtrate was transferred to separate polypropylene tubes and stored at À70 C. Then the tubes were shipped on dry ice to the Neuroendocrinology Laboratory at the Bronx Veterans Affairs Medical Center and at this facility MHPG was assayed by technicians in Dr. Yehuda's laboratory by High Pressure Liquid Chromatography (Yang et al., 1997) . The intra-and interassay coefficients of variation for salivary MHPG were 5.3% and 10.0%, respectively. Studies have shown high correlations between salivary and plasma MHPG (r ¼ 0.70) (Goenjian et al., 1996) .
12 Month follow-up assessments
The follow-up assessments were conducted after 12 months of active police service. The participants were administered selfreport questionnaires to assess traumatic experiences during their first year of active duty and PTSD symptoms.
Peritraumatic distress inventory (PDI).
The PDI is a 13 item self-report measure, which assesses and quantifies the level of emotional distress during and immediately after a traumatic event (Brunet et al., 2001) . It is a measure of the A2 criterion for the diagnosis of PTSD as listed in the DSM-IV including additional items for emotional and physical reactions. The items are rated from 0 to 4 (0 ¼ not at all,1 ¼ slightly, 2 ¼ somewhat, 3 ¼ very, and 4 ¼ extremely true). The total score is obtained by determining the mean response across all 13 items. The PDI is internally consistent with good testeretest reliability and good validity (Brunet et al., 2001 ).
PTSD checklist (PCL).
The PCL is a 17 item self-report measure of the symptoms of PTSD as described in the DSM-IV (Blanchard et al., 1996; Weathers et al., 1993) . This study used the PCL-S version which asks about a specific "stressful experience". Police officers were asked to choose the most stressful incident in their police career and to rate their symptoms during the last week with respect to this "critical incident". The items can be rated from 1 to 5 (1 ¼ not at all, 2 ¼ a little bit, 3 ¼ moderately, 4 ¼ quite a bit, 5 ¼ extremely). The PCL was scored as a total of all item ratings. The PCL-S has excellent internal consistency and testeretest reliability (Adkins et al., 2008; Norris and Hamblen, 2004) .
Statistical analyses
First, the relation between childhood trauma and MHPG levels was analyzed by a linear mixed model fitting childhood trauma as a between-groups fixed effect, time (at the end of the video and after recovery) as a within-subjects repeated effect and the MHPG level at the start of the video as a covariate. Group by time interactions were included into the model. Second, bivariate correlations between childhood trauma, MHPG, peritraumatic distress and PTSD symptoms were performed and the variables which were significantly correlated with PTSD symptoms at 12 months were selected for a path analysis using the maximum likelihood method of parameter estimation. Path analysis is an extension of a multiple linear regression analysis with independent, intermediary and dependent variables. It allows estimates of the magnitude and significance of hypothesized causal connections among these variables (Kline, 1998) . Direct and indirect effects were estimated predicting PTSD symptoms at 12 months of police service. Variables entered into the model were: MHPG 20 min after recovery period, peritraumatic distress measured by the PDI and PTSD symptoms measured by the PCL-S. The PCL-S score was skewed and therefore logarithmically transformed. In the last set of analyses, the three subcategories of PTSD symptoms, re-experiencing, avoidance and hyperarousal were used instead of the total score of PTSD symptoms and the same path analyses as described above were performed to test if any and which of these subcategories were predicted by the MHPG response to a video challenge. The statistical software packages SPSS16, AMOS16 and Stata 11 were used for the analyses.
Results
The demographics and assessment results for the whole sample and the one-year follow-up subsample are shown in Table 1 . As would be expected for police academy recruits, our participants were a relatively young cohort with a mean age of 27 years, ethnically diverse and predominantly male. Most of the participants had a college education. None of the participants met criteria for a current psychiatric diagnosis including PTSD. Three participants reported a history of PTSD, one participant reported a history of panic disorder, and 15 reported a history of depression. Twenty two percent of all participants reported a childhood trauma. 
Responses to the baseline video challenge
The participants' mean subjective distress level in response to the 20 min video was 4.4 (SD 2.6; range ¼ 0e10). The single most stressful video vignette was rated 5.5 on average (SD 2.8; range ¼ 0e10) on the same distress scale. The mean MHPG increased about 5% during the challenge video, which was statistically significant, and decreased about 1% in the 20 min recovery period (Table 1) .
Regression analysis testing for the effects of childhood trauma
In the whole sample the main effects of group (childhood trauma positive versus negative) (z ¼ 0.62, p ¼ 0.5) and of time (z ¼ 1.31, p ¼ 0.2) were non-significant. However, the interaction of group by time showed a trend (z ¼ À1.84, p ¼ 0.07) indicating that the group with childhood trauma had a higher MHPG increase during the recovery period (Fig. 1) . In contrast to the earlier analysis on a subsample (Otte et al., 2005) we did not find more subjective distress to the challenge in participants with childhood trauma compared to those without childhood trauma (t(1,342) ¼ À0.27, p ¼ 0.8).
The subsample of 243 participants who came to the follow-up examination differed significantly on ethnicity from the subsample who dropped out (c 2 ¼ 10.2, p ¼ 0.037), with the proportion of "Caucasian" being higher in the follow-up sample. There was no significant difference in the other demographics and baseline results (Table 1) .
Symptoms related to critical incident stressors during police service
At follow-up 78% of the participants reported a critical incident during the first year of police service. The mean PDI score was 0.6 (SD 0.5, range 0e2.5) and mean PCL-S score was 20 (SD 5, range 17e63) for the self-identified most distressing critical incident. All follow-up participants were included in the subsequent analyses, independent of the report of a critical incident. Table 2 shows strong correlations among MHPG measurements at the three time points. MHPG levels at the start of the video and after 20 min recovery period were positively correlated with PDI scores. Both higher MHPG levels after the recovery period and greater PDI scores were positively associated with greater PTSD symptom scores on the PCL-S after one year of police service. Childhood trauma was not significantly associated with the PDI or the PCL-S score and therefore was not included in the predictive model.
Correlational analyses
Path analysis
The path analysis demonstrated a direct effect of MHPG levels after 20 min recovery on PDI scores as well as a direct effect of PDI scores on the log-transformed PCL-S score. However, with the inclusion of PDI scores, the direct effect of MHPG after recovery on PCL-S was no longer significant (Fig. 2) . Peritraumatic distress levels fully mediated the relationship between MHPG and PTSD symptoms after 12 months of police service. Twenty one percent of the variance of the PCL-S score was predicted by this model.
The division of PTSD symptoms into the three subscales, reexperiencing, avoidance and hyperarousal, showed that both MHPG after recovery and peritraumatic distress were positively associated with avoidance scores on the PCL-S at 12 months. Using the avoidance subscale as the outcome measure, the path model explained 17% of the variance.
Discussion
This study yielded two main findings: First, the level of salivary MHPG after 20 min of recovery correlated positively with the PCL-S score after 12 months of police service, so that participants who had prolonged elevations in response to a video challenge during police academy training were at a greater risk to develop PTSD symptoms. Second, this relationship was fully mediated by the degree of peritraumatic emotional distress experienced during the critical incident. *Correlation is significant at the p < 0.05 level, **significant at the p < 0.01 level (two-tailed). Not corrected for multiple testing.
The video challenge evoked both subjective distress and a small, but statistically significant increase of the mean salivary MHPG level as expected from other psychological stress challenge tests (Okamura et al., 2010; Schommer et al., 2003) . The possible source of the salivary MHPG increase is complex, as MHPG is the major metabolite of norepinephrine, which is involved as a neurotransmitter in the central nervous system and in the peripheral sympathetic nervous system, and as a stress hormone in the adreno-medullary system. The interpretation of plasma norepinephrine is also complex, depending on site of collection, balance of release and clearance, or metabolism (Goldstein, 1995; McFall et al., 1990) . Salivary MHPG might represent an increase in post-ganglionic sympathetic input to the salivary glands reflecting a systemic increase in peripheral sympathetic activity. Salivary MHPG levels are also highly correlated with plasma (Drebing et al., 1989; Yajima et al., 2001; Yang et al., 1997) and with cerebrospinal fluid levels (Reuster et al., 2002) . MHPG as a glycol can easily pass the bloodebrain barrier (Goldstein, 1995) . Although the metabolism of peripheral norepinephrine or the clearance of MHPG from saliva may influence measured levels, salivary MHG is seen as an indicator of the central "noradrenergic activity" (Drici et al., 1991; Hamer et al., 2007; Reuster et al., 2002) . It also has been shown that salivary MHPG levels do not fluctuate with diurnal rhythms or with salivary flow (Yajima et al., 2001) .
Salivary MHPG is easy to obtain but it might not be the most sensitive measure for sympathetic activity. Therefore in future studies it might be interesting to compare salivary MHPG with other measures of anxious arousal, e.g., neuropeptide Y, corticotropin releasing factor, plasma epinephrine or norepinephrine, heart rate, or blood pressure, to investigate which variable responds most robustly to experimental stressors and might be a sensitive marker for discriminating individuals with vulnerability to PTSD symptoms following trauma exposure.
In this analysis the 83 subjects reporting childhood trauma on average showed a continued rise in MHPG levels during the challenge video and the recovery period, whereas those without childhood trauma returned to baseline during the recovery period. The finding in this sample missed the statistical significance level but has the same direction as the previous analysis of a subsample of n ¼ 76 including 16 subjects with childhood trauma (Otte et al., 2005 ). An increase in heterogeneity of this larger sample and an overestimation of the effect size in the previous subsample are possible explanations for the loss of statistical significance.
Several studies have shown that experience of childhood trauma increases the risk for anxiety disorders in adulthood (Bremner et al., 1993; Kendler et al., 1992; Kessler et al., 1997; Yehuda, 2004) . A putative mechanism for this correlation is longer duration of anxious arousal with elevated catecholamine levels in response to stress in individuals with a history of childhood trauma. Sustained anxiety reactions at the time of trauma exposure and associated increased noradrenergic activity in the brain are thought to increase the risk of PTSD by enhancing memory encoding (Krystal and Neumeister, 2009; McGaugh, 2000; O'Donnell et al., 2004; Orr et al., 2000; Southwick et al., 2002) and over-consolidation of traumatic memories (McGaugh, 1989; Roozendaal et al., 1997; Southwick et al., 1999; van Stegeren, 2008) . Elevated levels of norepinephrine in the cerebrospinal fluid of patients with chronic PTSD and their correlation with symptom severity suggest that noradrenergic activity is also involved in the maintenance of PTSD symptoms (Geracioti et al., 2001 ).
We found a trend for the relationship between more childhood trauma and prolonged elevation of MHPG levels in response to the laboratory stressor and a significant relationship between prolonged elevation of MHPG levels and higher PTSD symptoms, supporting the hypothesis described above. However, we did not find a direct correlation between childhood trauma and the development of PTSD symptoms in this study. A probable cause is that the participants in our study are at an early stage of their career and have low levels of PTSD symptoms after one year of service, reducing the power to detect this association. A complementary explanation could be that participants choosing a career in police despite the experience of childhood trauma are especially resilient.
As expected, we found that higher peritraumatic emotional distress as reported by higher scores in the PDI questionnaire, predicted higher levels of PTSD symptoms. In the path analysis, peritraumatic distress was found to fully mediate the effect of prolonged elevation of salivary MHPG on the later development of PTSD symptoms. Interestingly, the delayed off-switch rather than the acute response was predictive. These results suggest that prolonged arousal measured by salivary MHPG in response to a laboratory stressor is an individual vulnerability factor which is associated with greater emotional distress at the time of trauma and the subsequent development of PTSD symptoms. This finding is congruent with earlier findings from this prospective longitudinal cohort study focusing on individual differences in acoustic startle testing during academy training (Pole et al., 2009) . We found that elevated sympathetic nervous system reactivity to acoustic startle in the context of explicit threat and a lack of habituation to repeated startle stimuli are vulnerability factors which predicted greater PTSD symptom severity following critical incident exposure.
This finding also agrees with results from Guthrie and Bryant (2005) who found that post-startle eye blink and skin conductance responses during academy training predicted later PTSD symptoms in firefighters. Similarly, Morgan et al. (2001) had concluded that biological differences may exist before the index trauma exposure by showing that under uncontrollable stress Special Forces soldiers demonstrated a greater capacity for norepinephrine and neuropeptide Y release with a rapid return to baseline levels at recovery compared to other soldiers. Together, these findings add to growing evidence that prolonged arousal in response to a stress challenge that does not rapidly return to baseline following cessation of the stressor is a vulnerability factor for PTSD predating the trauma exposure in adulthood.
It has been suggested that the neurotransmitter norepinephrine is mainly involved in the hyperarousal and re-experiencing symptoms of PTSD (O'Donnell et al., 2004; Southwick et al., 1999 ), however we found that avoidance, a typical anxiety behavior, was the most relevant PTSD symptom cluster in the path analysis. This supports the results from a review article which concluded that avoidance and numbing symptoms appear to be the most specific for the identification of PTSD (North et al., 2009) . As MHPG's parent compound norepinephrine is involved in the neural circuitry of anxiety (Hughes et al., 2004; Itoi, 2008; van West et al., 2008) , the tendency to react to stressors, both laboratory challenges and real- life critical incidents, with longer duration of anxious arousal may lead to greater fear conditioning and memory consolidation with pathogenic beliefs about danger and therefore avoidant behavior. Prior studies have utilized video challenges to provoke stress responses and measure the catecholamine response. For example, Takai measured the increase of salivary amylase in healthy participants and found that salivary amylase significantly increased during a challenge video and correlated with the score of the StateTrait Anxiety Inventory (Takai et al., 2004 (Takai et al., , 2007 . McFall found that veterans with PTSD had an increased autonomic and plasma epinephrine e but not plasma norepinephrine e response after watching a combat video compared to a video depicting a stressful car accident and also compared to healthy controls (McFall et al., 1990) . Geracioti found an increase of norepinephrine in the cerebrospinal fluid of PTSD patients in response to a trauma related video challenge but no increase in response to a neutral video (Geracioti et al., 2008) . However, to our knowledge the current study is unique in examining MHPG response to a video challenge paradigm prior to critical incident exposure using a prospective longitudinal cohort design.
Several limitations of this study have to be considered: The main limitation of this study is the measurement of MHPG peripherally in saliva, because this collection method is non-invasive and feasible. Salivary MHPG may be an imperfect proxy for norepinephrine neurotransmission in the brain. Second, generalizability may be limited in the highly selected, young, healthy, and well-educated population studied. Third, we report PTSD symptoms after one year of active service when the participants are at a very early stage of their police career. At this time most officers have not yet been repeatedly exposed to severe critical incidents and present with relatively low levels of PTSD symptoms. As there is already a pattern recognizable in this early stage, prolonged salivary MHPG increase and peritraumatic distress may prove distinctive later in those participants who develop full PTSD after exposure to repeated severe traumatic stressors. It will be important to model the MHPG response to the video challenge as a predictor of PTSD symptoms as cumulative exposure increases over the years. Another limitation of this study may be that the video challenge, although using real-life footage, is a laboratory test and a situation in real life may be far more stressful. Fifth, the peritraumatic distress caused by the worst incident during this time was assessed retrospectively and may be biased by memory fading and symptom recovery. An important limitation is the fact that PTSD is a complex disorder with a multifactorial causality including environmental, genetic and psychological factors, and this model explains only one facet of it (Yehuda, 2002) .
In conclusion, prolonged elevations of salivary MHPG in response to an experimental stressor prior to duty related critical incident exposure, predicted the later development of PTSD symptoms. This relationship was mediated by peritraumatic distress, capturing perceived life threat and physical reactions during and immediately after critical incident exposure. Our data indicate that longer duration of anxious arousal in response to experimental stress could be useful in identifying individuals at risk for developing PTSD. This merits further investigation and replication in other samples.
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